Summary Transarterial chemoembolization (TACE) and radiofrequency ablation (RFA) are effective treatments for hepatocellular carcinoma (HCC). However, the extent of treatment depends on hepatic functional reserve. l-Carnitine is a vitamin-like substance and several reports have described the usefulness of l-carnitine supplementation in cases of cirrhosis, with confirmed effectiveness against refractory hepatic encephalopathy. On the other hand, we have previously reported that in patients who underwent TACE or RFA, administration of branched-chain amino acids (BCAAs) pre-intervention significantly reduced inflammatory reactions. We first determined serum levels of total, free, and acyl-carnitine before and at 7 d after performing TACE in 10 HCC patients. We administered levocarnitine (l-carnitine chloride, a biologically active form of carnitine) at 900 mg/d to 69 consecutive HCC patients hospitalized to undergo TACE and/or RFA, and compared changes in blood test values with those in 119 consecutive patients not administered this drug. Sixty-seven patients had a history of using BCAAs at the time of admission. We found that after 7 d of TACE, serum levels of total and acyl-carnitine are significantly decreased. On comparing the four groups, the carnitine1BCAA, carnitine-alone, and BCAA-alone groups showed significantly higher values for changes in NH3 when compared with the non-dosed group. The decrease in albumin (Alb) was significantly suppressed in the carnitine1BCAA and BCAAalone groups. We also conducted the same examinations in a subset of patients classified as Child-Pugh class A, and noted the same trends. Administration of levocarnitine and/ or BCAAs during invasive treatments reduced blood NH3 concentrations and suppressed decreases in Alb.
In addition to local therapies such as hepatectomy and radiofrequency ablation (RFA), hepatocellular carcinoma (HCC) can be treated using methods such as transarterial chemoembolization (TACE), systemic chemotherapy, molecularly targeted drugs, and liver transplant (1) (2) (3) . However, many cases of HCC develop as a result of cirrhosis, so sufficient consideration must be given to hepatic functional reserve, in addition to the extent of the tumor when selecting treatment (1) . Moreover, vital prognosis of HCC patients is affected by both tumor factors and hepatic functional reserve (4, 5) , so preserving liver function represents an important challenge during treatment. Hepatic functional reserve can be improved through abstinence in cases of alcoholic cirrhosis and through administration of nucleic acid analogs in cases of type B cirrhosis. However, at present, liver function is difficult to improve in cirrhosis caused by the hepatitis C virus or nonalcoholic steatohepatitis.
l-Carnitine is a vitamin-like substance involved in lipid metabolism. When carnitine levels are deficient, utilization of fatty acids is impaired and a wide range of symptoms develop, such as hepatic encephalopathy and hyperammonemia associated with various organ dysfunctions, hypoketotic hypoglycemia, muscular weakness, cardiomyopathy, and heart failure (6) . Endogenous carnitine is mainly synthesized in the liver, making cirrhotic patients more susceptible to carnitine deficiency (7) . Several reports have described the usefulness of l-carnitine supplementation in cases of cirrhosis, with confirmed effectiveness against refractory hepatic encephalopathy and cramps (8, 9) ; however, the relationship between carnitine supplementation and intervention for HCC remains unknown. Furthermore, changes in blood levels of carnitine after invasive treatments for HCC have not been evaluated. In addition to these clinical effects, carnitine reportedly retains mito-E-mail: motoh@clin.medic.mie-u.ac.jp chondrial function and has an inhibitory effect on oxidative stress (10, 11) .
Long-term supplementation with branched-chain amino acids (BCAAs) is associated with prolonged survival and decreased frequency of HCC development in patients with liver cirrhosis (12) . D'Antona et al. recently showed that a mixture of BCAAs increased the average lifespan of middle-aged mice, and this result was associated with upregulation of genes for the reactive oxygen species (ROS) defense system and reduced ROS production in the cardiac and skeletal muscle of mice (13) . Moreover, we previously reported that in patients who underwent TACE or RFA, administration of BCAAs pre-intervention significantly suppressed the development of post-intervention hypoalbuminemia and reduced inflammatory reactions during the subsequent clinical course (14) . However, changes in blood levels of NH3 after invasive treatments for HCC have not been evaluated.
We therefore investigated the effects of levocarnitine (l-carnitine chloride, a biologically active form of carnitine) and/or BCAAs administered to patients undergoing TACE and/or RFA on laboratory test values, with a focus on organ-protective effects.
MATERIALS AND METHODS
First, we determined serum levels of total, free, and acyl-carnitine before and at 7 d after performing TACE in 10 HCC patients using the enzymatic method.
We orally administered levocarnitine chloride (Otsuka Pharmaceutical, Tokyo, Japan) at 900 mg/d (in 3 divided doses daily) to 69 consecutive HCC patients hospitalized for the purpose of undergoing TACE, RFA, or transcatheter arterial infusion (TAI) chemotherapy at Mie University Hospital or Yokkaichi Digestive Disease Center between January and May 2014. All patients were administered carnitine from admission to discharge. All patients had cirrhosis, which was diagnosed based on blood test values, imaging tests including ultrasonography and computed tomography, presence of esophageal varices, and liver histology. Changes in blood test values (NH 3, albumin [Alb] , and total BCAAs to tyrosine molar ratio [BTR]) were observed on admission and at discharge. We then measured serum alanine aminotransferase (ALT) concentration before performing TACE and/or RFA and at 2, 5, and 7 d after these procedures. We also included 119 consecutive HCC patients hospitalized for the same procedures between January and December 2013 and between September and November 2014 who were not administered carnitine, as a control group, and compared blood test values with the carnitine group. Sixty-seven patients had a history of using BCAAs for $30 d at the time of admission. BCAAs used included BCAA granules orally (isoleucine 2,856 mg/d, leucine 5,712 mg/d, valine 3,432 mg/d, in 3 divided doses daily; Ajinomoto Pharmaceuticals, Tokyo, Japan; n558) or enteral BCAA-enriched nutrient mixtures for liver failure (isoleucine 3,846 mg/d, leucine 4,074 mg/d, valine 3,204 mg/d, in 2 divided doses daily; Otsuka Pharmaceutical; n59). These are the standard dosages in patients with cirrhosis. All patients were classified into a group given a combination of carnitine and BCAAs (n531), a group given carnitine alone (n538), a group given BCAAs alone (n536), and a group given nothing (n583), and changes in blood test values were compared.
The treatment for HCC was RFA in cases of ChildPugh class A or B where maximum tumor diameter was ,3 cm and the number of tumors was #3. TACE or TAI was selected for cases deemed unsuitable for RFA. Miriplatin 120 mg or intra-arterial cisplatin 100 mg were used in TAI, while TACE involved embolization using gelatin sponge after injecting a mixture of oily contrast medium (Lipiodol ® ) and an anticancer agent (miriplatin 120 mg, intra-arterial cisplatin 100 mg, or farmorubicin 10-50 mg). TACE was performed 7 d prior to RFA and included patients in whom the therapeutic effect was enhanced. Patients using drug-eluting beads were not included. TACE and RFA were both performed the day after admission and drugs administered before starting this study were continued without change during the observation period. The content of meals during hospitalization was specified in accordance with the guidelines issued by the Japan Society of Metabolism and Clinical Nutrition. The possibility of discharge was left to the discretion of the attending physician and was determined based on improvements in subjective and objective findings such as fever and abdominal pain, and inflammatory findings such as liver function and C-reactive protein level. This study complied with the Declaration of Helsinki and was approved by the Ethics Committee of Mie University.
Statistics. Test values are shown as means6stan-dard deviation. The chi-squared test, m3n contingency tables, and Mann-Whitney U test were used to independently test for differences in the two groups, while Pearson's product-moment correlation coefficient or Spearman's rank correlation coefficient was used to find 
RESULTS

Chronological changes in serum carnitine levels
Serum carnitine concentration was determined in 10 HCC patients (8 men, 2 women; mean age, 71 y). Total and acyl-carnitine levels were 63.865.9 and 12.864.5 mmol/L, respectively, before TACE and decreased significantly to 56.8612.8 mmol/L and 9.263.9 mmol/L, respectively (p,0.05) on post-TACE day 7. Free carnitine levels did not change (51.064.7 mmol/L before vs. 48.169.8 mmol/L after) (Fig. 1) .
Baseline characteristics of subjects
Subject baseline characteristics are shown in Table  1 . Patients were classified into the following 4 groups: a group given a combination of carnitine and BCAAs; a group given carnitine alone; a group given BCAAs alone; and a group given nothing. There were 31, 38, 36, and 83 patients, respectively, in each group. BCAAtreated patients had a significantly lower hepatic functional reserve and hypoalbuminemia than non-BCAAtreated patients (Table 1) . We also compared groups for treatment regimen (TAI, TACE alone, RFA alone, and RFA after TACE), HCC stage (Liver Cancer Study Group of Japan), and concentrations of a-fetoprotein and proteins induced by vitamin K absence-II on admission. However, there were no significant differences in any items. Duration of hospitalization was 1468 d in the carnitine group and 21615 d in the BCAA group, indicating a shorter duration in the former. Administration of levocarnitine was not interrupted or discontinued due to side effects in any patients.
Changes in plasma ammonia, serum Alb, and BTR
Plasma NH 3 concentrations on admission and at discharge were 68.6 mg/dL and 55.3 mg/dL, respectively, in the carnitine group and 57.9 mg/dL and 51.6 mg/dL, respectively, in the control group, indicating decreases in both groups, although these were more marked in the former ( Fig. 2A) . On comparing the four groups, carnitine1BCAA, carnitine-alone, and BCAA-alone groups showed significantly higher values for change in NH3 (as the magnitude of decrease, from NH3 at discharge 2NH3 on admission) compared with the non-dosed group (p,0.001, p,0.05, p,0.001, respectively; Fig.  2B ). We also found that the serum Alb concentration had decreased in both the carnitine and control groups from admission to discharge (3.5 g/dL and 3.0 g/dL vs. 3.6 g/dL and 3.1 g/dL, respectively; Fig. 3A) . However, the decrease in Alb (magnitude of decrease, from Alb at discharge 2Alb on admission) was significantly suppressed in the carnitine1BCAA and BCAA-alone groups when compared with the non-dosed group (p, 0.05 and p,0.01, respectively; Fig. 3B ). The same examination was performed for serum BTR, although no significant changes were observed ( Supplementary  Fig. 1A and B) .
We also conducted the same examinations in a subset of patients classified as Child-Pugh class A. The carnitine1BCAA, carnitine-alone, and BCAA-alone groups showed significantly higher values for changes in NH3 when compared with the non-dosed group (p,0.05, Fig. 4A ). In addition, the decrease in Alb tended to be suppressed in the carnitine1BCAA and BCAA-alone groups when compared with the non-dosed group (p50.06 and p50.11, respectively; Fig. 4B ). In Child-Pugh B cirrhotic patients, the same trends were observed, but the difference was not significant (Supplementary Fig. 2A and B) . The small number of cases may have affected this result.
Chronological changes in serum ALT
The change in ALT (where 0 indicates the point prior to invasive treatment) was greatest on the second postoperative day and decreased significantly on postopera- Fig. 3 . Changes in serum Alb. (A) Serum Alb concentration decreased from admission to discharge in both the carnitine (n569) and control (n5119) groups (3.560.6 g/dL and 3.060.6 g/dL vs. 3.660.6 g/dL and 3.160.5 g/dL, respectively).
(B) The decrease in Alb was significantly suppressed in the carnitine1BCAA (0.3760.32 g/dL, n531) and BCAA-alone (0.3260.47 g/dL, n536) groups compared with the non-dosed group (0.5460.37 g/dL, n583). Alb, albumin; BCAA, branched-chain amino acid. tive days 5 and 7. No changes in ALT concentrations were seen when comparing the carnitine and control groups ( Supplementary Fig. 3 ).
Correlation between changes in NH3 and Alb
A negative correlation was observed between changes in NH3 and Alb in the carnitine group and an association was observed between the changes (improvement) in both (Fig. 5 ). This type of correlation was not observed in the control group (Fig. 5) .
DISCUSSION
We observed a decrease in plasma NH3 levels within a relatively short treatment period with levocarnitine during invasive treatments including TACE and/or RFA. Several reports have already cited the NH3-lowering effects of carnitine in cirrhosis (8, 15, 16) , and levocarnitine is being adopted as a new therapeutic option for cases of cirrhosis accompanied by refractory hepatic encephalopathy that prove resistant to synthetic disaccharides and rifaximin. Carnitine is also used to treat hyperammonemia when using valproic acid and antimicrobials containing a pivoxil group (17) . The mechanisms responsible for improvement in NH3 are unclear, although NH3-processing ability in the urea cycle is thought to be enhanced by increases in N-acetylglutamate, while energy metabolism is improved by increases in acetyl coenzyme A (CoA) and optimization of the acetyl CoA-to-free CoA ratio (18, 19) . The present study also confirmed the NH3-lowering effects of administering BCAAs. Although the NH3-lowering effects of BCAA have not been determined, BCAAs may facilitate ammonia metabolism in the glutamate/ glutamine pathway by functioning as a precursor to a-ketoglutarate in this pathway. Carnitine is essential for the function of the tricarboxylic acid cycle, but because BCAAs are also precursors to a-ketoglutarate, they are needed to retain function (20, 21) . Although BCAAs had already been administered for more than 30 d, blood NH3 decreased further during hospitalization. Generally, we assume that plasma ammonia levels improve during hospitalization due to optimization of protein intake. However, disturbance of ammonia metabolism due to insufficiency of BCAAs during invasive treatments might suppress the ammonia-lowering effects, particularly in non-BCAA-treated patients.
A new finding from the present study is that the decrease in Alb due to invasive treatment can be suppressed with levocarnitine and/or BCAA therapy. Carnitine and BCAAs have been identified as having organprotective effects, such as anti-oxidative stress and anti-inflammatory effects, based on clinical cases and basic research into maintenance dialysis and tumorbearing patients (10, 11, 13, 14, (21) (22) (23) . The suppression of decreases in Alb during invasive treatment observed here may have been attributable to improvements in energy metabolism and organ-protective effects, among other factors. With regard to the relationship between NH3 and Alb, supplementation of carnitine may cause BCAAs used in NH3 metabolism to switch to Alb synthesis. However, this mechanism is unlikely, as the dosing period for levocarnitine in this study was short and no changes were observed in BTR.
In the carnitine1BCAA and BCAA-alone groups, there appeared to be no obvious differences in the NH3-decreasing effects or in the suppression of Alb decreases. In the treatment of HCC, it may be sufficient to administer BCAAs alone. However, it has recently become possible in Japan to administer BCAAs to treat cirrhotic patients with malnutrition accompanied by hypoalbuminemia and/or hyperammonemia. Thus, it is difficult to supplement BCAAs in all patients with HCC during invasive treatment.
The present study revealed that administration of levocarnitine and/or BCAAs during invasive treatment such as TACE and RFA decreased NH3 levels in the blood, and suppressed decreases in Alb. These therapies seem very likely to prove useful in reducing the invasiveness of HCC treatment, as they can be safely applied without side effects. Since the publication of evidence that BCAAs improve the vital prognosis of cirrhotic patients, these supplements have gained wider use in routine clinical practice (23, 24) . Further investigations are necessary to determine whether supplementing carnitine during treatment can contribute to further improvements in the prognosis of HCC patients.
